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In this research, the technological and biological characteristics of the
native strain Levilactobacillus brevis strain M3R3, isolated from
"Khiki" cheese, were comprehensively evaluated. The goal of this
study was to determine the potential of this strain as an efficient starter
culture and a promising probiotic for industrial applications. The
results of the thermal resistance assessment showed that this strain has
remarkable stability and was able to maintain acceptable cellular
viability at 50 °C, 60 °C, 70 °C, and even 80 °C, with survival rates of
60.07%, 44.01%, 32.22%, and 27.81%, respectively. In the
investigation of enzymatic activities, this strain demonstrated a notable
ability for proteolysis by creating a hydrolysis halo with a diameter of
21.49 + 0.13 mm, as well as high autolytic activity (51.11% at 37 °C).
Furthermore, this strain was capable of producing significant amounts
of exopolysaccharides (EPS), which created a mucoid appearance
around the colonies. Its acidifying activity in skim milk (ApH24h;
1.34) was classified as a moderate acidifier. These results indicate that
the Lev. brevis M3R3 strain is a highly suitable candidate for use in
fermented dairy products and as an effective probiotic due to its
resistance to thermal stress, enzymatic capabilities, and EPS
production.
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1- INTRODUCTION

In recent decades, significant advancements
in industrial microbiology and public health
have led to a growing focus on Lactic Acid
Bacteria (LAB), their
probiotic and technological attributes. The
surge in scientific research on these strains
has resulted in a notable increase in
publications [1]. This upward trend is

celebrated for

further underscored by market projections
estimating that the global probiotic market

will reach $95.25 billion by 2028,
highlighting their immense economic
importance [2]. However, the successful
industrial integration of these

microorganisms depends not only on their
health benefits but, more critically, on their
technological robustness [3]. In this
context, traditional fermented dairy
products, such as Khiki cheese, serve as a
unique ecological niche and a wvital
reservoir for isolating LAB strains with
superior adaptation to harsh processing
conditions [4]. Unlike commercial starter
cultures, wild LAB strains isolated from
these traditional matrices often possess
exceptional resilience and bio-functional
diversity, making them indispensable for
maintaining the authentic structural and
sensory profile of dairy products in modern
food systems [5]. While previous studies on
Iranian traditional cheeses have identified
various LAB strains, there remains a critical
need for isolates that possess extreme
technological resilience specifically high-
temperature stability which is often a
limiting factor for commercial applications
[6,7]

LAB are vital industrial microorganisms
classified as "Generally Recognized as
Safe" (GRAS). As Gram-positive, catalase-
negative bacteria, their core metabolic
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feature is the production of lactic acid,
which is key to food preservation [2]. Many
LAB strains, such as Lactobacillus and
Lactococcus, are recognized as probiotics
with documented health benefits [8]. A
prime example is Levilactobacillus brevis,
a crucial starter culture utilized in various
fermented foods [9,10]. In the production of
traditional products like Khiki cheese, the
indigenous LAB flora plays a dual role:
ensuring microbial safety through rapid
acidification and contributing to the unique
ripening characteristics that define the
regional product's identity [11].

The technological potential of LAB extends
beyond simple fermentation. Their ability
to produce exopolysaccharides (EPS) is one
of their most significant attributes [12].
EPS-producing exhibit greater
resistance to technological stresses, such as
heat and mechanical shear [13]. The in situ
production of these biopolymers improves
viscosity and reduces undesirable syneresis,
which is particularly valuable in the dairy

strains

industry for producing yogurts and cheeses
with superior texture [14]. Furthermore, the
enzymatic potential of LAB, specifically
proteolysis and autolysis, is paramount for
developing flavor and consistency [15]. In
traditional  cheeses, these activities
accelerate the breakdown of proteins into
aromatic compounds, directly influencing
the final quality and consumer acceptance
[16]. Notably, the synchronization of high
autolytic rates with robust thermal tolerance
represents a specialized technological niche
that is rarely reported in common wild
Lactobacillus isolates.

The ability of LAB to survive under diverse
physicochemical conditions including
varying pH, salt concentrations, and heat
treatments makes them ideal candidates for
food preservation [17]. Given the
increasing demand for high-performance
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starters, a precise evaluation of the
technological
strains is a research necessity [18]. While
general functions are documented, the
efficacy of these traits varies significantly
between isolates [19]. Therefore, the
present study systematically evaluates the

characteristics of novel

technological properties of
Levilactobacillus brevis M3R3, specifically
isolated Khiki By
characterizing its thermal resistance, EPS
production, and enzymatic activities, this
research aims to bridge the gap between
traditional fermentation heritage and
modern industrial applications, validating

from cheese.

M3R3 as a promising candidate for the
dairy industry.

2- Materials and Methods

2.1. Materials

The culture media used in this research,
including MRS broth, MRS agar, and
MRSC agar, were procured from Quelab
(Canada). All other chemicals and reagents
utilized in this study were of laboratory
grade.

2.2. Probiotic Strain Activation

In this study, the probiotic strain Lev. brevis
M3R3, which was previously isolated from
local "Khiki" cheese, was utilized. The
strain was maintained in a lyophilized state
at the laboratory of the Food Science and
Technology Department at Khuzestan
University. For activation and preparation
for subsequent experiments, a 100 pL
aliquot of the lyophilized culture was
transferred to MRS broth and incubated
anaerobically at 37 °C for 48 h. Following
successful activation, this culture was used
to evaluate the strain's
properties.

2.3. Thermal resistance

technological
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To evaluate thermal resistance, the Lev.
brevis M3R3 strain was first activated by
inoculating 100 pL of the stock culture into
MRS broth and incubating it anaerobically
for 48 h at 37 °C. Following incubation,
microbial cells harvested by
centrifugation at 6,000 rpm for 5 minutes at
4 °C. The cell pellet was washed twice with
PBS buffer to remove all culture medium

WwWCEre

residues before being re-suspended in the
same buffer. The prepared suspensions
were subsequently subjected to a heat
treatment in a water bath at temperatures of
50, 60, 70, and 80 °C for 20 min. Afterward,
samples were immediately incubated for 16
hat 37 °C to monitor regrowth. Finally, the
level of growth was quantified by
measuring the optical absorbance at 600 nm
using a spectrophotometer [6].

2.4. Exopolysaccharide production

The production of exopolysaccharide (EPS)
by the strain Lev. brevis M3R3 was
investigated using a modified method based
on the protocol of Ebadi Nezhad et al.
(2020) [20]. For this purpose, after
activating the strain, cultures were
incubated anaerobically for 72 h at 37 °C on
MRSC agar medium (MRS medium
supplemented with 0.25% L-cysteine). To
evaluate the effect of various carbon
on EPS production, glucose,
fructose, lactose, and sucrose were each

sources

added separately to the culture media at a
concentration of 2%. Finally, the results of
EPS production were reported visually by
observing the physical characteristics of the
colonies.

2.5. Acidifying ability

To evaluate the acidifying power of the
strain, the method of Zaaraoui et al. (2021)
was used [21]. The strain was inoculated in
MRS broth and incubated for 24 h at 37 °C.
Afterward, 1% of the active culture was
inoculated into a sterile, reconstituted skim
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milk solution (10% w/v). The pH of the
samples was then measured using a pH
meter after 6 and 24 h of incubation at 37
°C. The acidification rate was determined
based on Equation (1):

ApH=pH; /-

pH

This formula represents the difference
between the final pH (pH,, . ) and the initial

PH  (PH; ;i)
acidification.
2.6. Proteolysis activity

The proteolytic activity of the bacterial
spot-
inoculation method on agar medium, as per
the protocol of Boubakri et al. (2022) [22].
For this purpose, 100 pL of the CFS strain,
prepared in PBS buffer (pH 7), was
dispensed into the wells of Tryptone Soy
Agar (TSA) medium supplemented with
10% (w/v) sterile skim milk. After a 24-
hour incubation at 30 °C, the caseinolytic
activity was determined by observing and

final

indicating the extent of

strain was evaluated using a

measuring the diameter of the clear halo
formed around the colonies, in millimeters.
This halo indicates the degradation of milk
protein (casein) by the strain's protease
enzymes.

2.7. Autolytic activity

To evaluate the autolytic activity of the
strain, the isolates were first cultured in
MRS broth for 24 h at 37 °C. Bacterial cells
were then harvested by centrifugation at
6,000 rpm for 5 min at 4 °C. The resulting
cell pellets were washed twice with cold
distilled water to ensure complete removal
of residual culture medium. Then, the
pellets were resuspended in phosphate
buffer (pH 7.0) to create a cell suspension
with an initial optical density (OD600)
between 0.8 and 1.2. These cell suspensions
were then incubated for 24 h at 4, -20, and
37 °C to monitor autolysis. The autolytic
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activity was quantified by calculating the
percentage decrease in the OD600 value
[14]. The percentage of cell autolysis was
determined using the following formula (2):
ODiyitia1-ODfinal
ODipitial
where, the ODjpy, repgggents the initial
optical density, which reflects the starting

Autolysis(%)= ( ) x100

concentration of cells in the suspension.
The ODg,, is the final optical density
measured after the incubation period.

2.8. Statistical analysis

Data were analyzed using One-Way
Analysis of Variance (ANOVA) with SPSS
statistical software (version 26) to assess
the significance of observed differences.
Duncan's multiple range test was used for
mean comparisons. All statistical tests were
conducted at a significance level of p <
0.05, and the experiment was performed in
triplicate.

3- Results and Discussion

3.1. Thermal resistance

Thermal stability is a critical technological
trait for LAB strains. This characteristic,
which reflects a strain's ability to withstand
high temperatures like those in industrial
processes such as
essential for ensuring their survival during
processing and maintaining viability in the
final product. Thus, evaluating thermal

pasteurization, is

stability serves as a crucial criterion for
selecting suitable probiotic strains for use in
heat-processed foods [12]. Previous studies
have reported that heat-resistant strains
often develop cross-resistance to other
stresses, including acidic environments and
high salt concentrations [23]. This suggests
that cellular survival mechanisms against
different stresses may overlap, and
developing resistance to one type of stress
can enhance tolerance to others. Based on
the data from an experimental study, the
thermal stability of the examined strain



Behrooz Alizadeh Behbahani et al

Investigation of the technological characteristics ...

significantly decreased with increasing
temperature. As shown in Fig. 1, the highest
cell survival rate of 60.07 £ 0.72% was
recorded at 50 °C. With gradual increases
in temperature to 60 °C, 70 °C, and 80 °C,
the strain's survival rate decreased to 44.01
+ 0.42%, 32.22 + 0.33%, and 27.81 =+
0.57%, respectively. The strain
demonstrated considerable thermal
resistance, maintaining its viability across a
wide range of high temperatures. Although
the cell progressively
decreased with rising temperatures, the

survival rate

stress. The findings of this study are
consistent with those of Noshad et al.
(2021), who assessed the thermal resistance
of LAB strains isolated from native
Behbahan Doogh within the temperature
range of 50 °C to 80 °C [6]. Their results
indicated that the L. brevis strain exhibited
significant thermal stability. Its viability
gradually decreased with increasing
temperature, but the rate of decline was
slower compared to other strains in their
study. This strain was able to maintain
viability even at 70 °C and 80 °C,

strain's  ability to maintain viability demonstrating its inherent resistance to the
highlights its inherent potential for highest tested temperatures.
industrial applications involving thermal
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Fig. 1. Thermal resistance of Lev. brevis M3R3 at various temperatures (50, 60, 70 and 80 °C).
Different letters above the bars indicate a statistically significant difference (p < 0.05).

3.2. Exopolysaccharide production

Today, LAB are garnering increasing
attention for their exceptional ability to
ferment a wide range of food matrices and
produce high-value bioactive metabolites.
Among these compounds, EPS have
emerged as a key research area due to their
technological and nutritional
properties. EPS are high-molecular-weight
biopolymers composed of saccharide
monomeric units, displaying significant

unique
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structural and functional diversity. The
production and accumulation of these
polymers by microorganisms typically
occur under conditions of abundant carbon
substrate coupled with a limitation in other
essential growth elements, such as nitrogen,
phosphorus, sulfur, or magnesium [24].
Based on their association with the bacterial
cell, EPS are classified into different forms,
including capsular or mucoid EPS (tightly
bound to the cell) and released or slimy EPS
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(appearing as a viscous substance in the
extracellular  environment). For a
qualitative assessment of EPS production,
the observation of mucoid colony
morphology can be used as a visual
indicator [19,25]. The present study
revealed that the Lev. brevis M3R3 strain
was capable of producing significant
quantities of EPS, which were visible as a
mucoid halo around the colonies. This
phenotypic expression was directly linked
to the type of carbon source present in the
growth medium. As shown in Table 1,
sucrose induced the most pronounced
mucoid morphology (scored as +++),
indicating its role as the most effective
carbon substrate for EPS synthesis in this
strain. Although glucose also resulted in
considerable production (scored as ++),
fructose and lactose yielded similar but
lower EPS levels (scored as +),
demonstrating a lesser impact on overall
yield. These findings align with the results
reported by Cheng et al. (2019), who also
observed that certain LAB strains
significantly ~ increased  their =~ EPS
production when grown in a sucrose-
containing medium [26]. Consistent with
these findings, recent studies confirm that
sucrose serves as a primary signaling
molecule for upregulating EPS biosynthetic
genes in various Lactobacillus species [27].
In contrast, the study by Midik et al. (2020)
suggested that glucose was the best carbon
source for optimizing EPS production in

various LAB strains, while fructose was
shown to decrease EPS production
compared to a control medium. From an
industrial perspective, EPS produced by
LAB play a crucial role in enhancing the
physical and textural properties of
fermented dairy products such as yogurt
[26,28]. These biopolymers appear as
filaments that interact with both bacterial
cells and the casein protein network. These
interactions help to stabilize the gel
structure, consequently leading to an
increase in the final product's viscosity [29].
Furthermore, by forming a porous structure
within the yogurt matrix, EPS significantly
increase the gel's water-holding capacity.
This vital property prevents the undesirable
phenomenon  of  syneresis  (whey
separation) and helps maintain the product's
uniformity and consistency throughout
storage. This porous structure also
enhances the yogurt's resistance to
mechanical treatments, such as stirring and
pumping, preventing the breakdown of its
structure during industrial processing.
Therefore, the role of EPS in improving
rheological properties and preventing
structural defects is of paramount industrial
importance [30]. Modern dairy technology
now emphasizes the "in situ" use of these
EPS-producing strains as a sustainable
alternative to synthetic stabilizers in clean-
label products [31].

Table 1. Quantitative evaluation of EPS production by Lev. brevis M3R3 across different
carbon sources.

Control Lactose

Fructose Glucose Sucrose

Score - +

+

++ et

Not. Non-mucoid (-), Weakly mucoid (+), Moderately mucoid (++), Strongly mucoid (+++).

3.3. Acidifying ability

Acidifying activity is a key characteristic of
starter microorganisms, with critical
applications in various industries including

dairy, meat processing, plant-based
products, and silage production [12]. The
ability of LAB to increase acidity through
fermentation not only serves as an effective
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food preservation method but is also
recognized as one of the most important
technological properties in these industries.
This trait plays a key role in the coagulation
of casein in dairy products and in increasing
the water-holding capacity and moisture
retention during the processing and cooking
of meat products [32,33]. Conversely, this
property can be undesirable in certain
technologies. For instance, in wine and beer
production, it can lead to the formation of
sour or atypical flavors and is often
considered a spoilage factor [34]. In the
present study, the acidifying activity of a
specific strain was evaluated in a skim milk
medium at 37 °C. The results showed that
the strain had a notable acidifying ability,
reducing the medium’s pH by 0.58 + 0.03
pH units after 6 h of incubation and by 1.34
+ 0.06 pH units after 24 h (Fig. 2). This
trend indicates the strain’s capacity for
sustained pH reduction in the culture
medium. To precisely classify the strain, we
used the system proposed by Mohammed
and Con (2021) [35]. According to this
criterion, strains are categorized as weak
acidifiers with a ApHoa<l1.11, strong
acidifiers ApHo4n>1.61, and
moderate acidifiers with a ApHa4n ranging
from 1.12 to 1.60. Based on these
classifications, the studied strain, with a
ApHaan of 1.34, falls into the category of a

with a

moderate acidifier. These findings align
with previous studies. For example,
M’hamed et al. (2022) noted that strains
with moderate acidifying ability could be
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used as adjunct cultures, provided they
possess other important technological traits
such as proteolytic and autolytic activities
[36]. This acidifying ability is directly
linked to the strain’s specific potential to
metabolize carbon and nitrogen substrates
in the medium, as well as its capacity to
absorb essential nutrients for growth. In
contrast, Zaaraoui et al. (2021) observed a
lower acidifying activity in strains isolated
from goat’s milk (a pH change of between
0.5 and 1.45 after 24 h) [26]. On the other
hand, a study by Nachi (2019) on LAB
strains isolated from wheat flour showed
them to be strong acidifiers, capable of
lowering the pH to below 4.0 after 24 h. The
most significant factor in pH reduction is
the metabolic activity of lactic acid bacteria
[37]. Research by Chen et al. (2023)
demonstrated that obligatory
homofermentative LAB, by converting
hexoses (e.g., glucose) and other organic
acids (e.g., citric and malic acid) into lactic
acid, cause a significant drop in pH [38].
This metabolic process was reported as the
main reason for the improvement of the
final product’s quality. These findings were
further confirmed by Cao et al. (2023), who
found that LAB in fermented sausages
contribute to increased stability, improved
color, and enhanced product quality by
maintaining a low pH [39]. This body of
research clearly highlights the fundamental
importance of acidifying activity in various
food industries.
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Fig.2. Acidifying activity of the strain Lev. brevis M3R3. The initial pH (pHO) and the amount
of pH reduction after 6 h (ApH6) and 24 h (ApH24) are shown. Different letters above the bars
indicate a statistically significant difference (p < 0.05).

3.4. Proteolysis activity

Proteolytic activity of LAB is a critical
technological trait that plays a significant
role in improving the organoleptic
properties and texture of fermented
products. This complex enzymatic system,
consisting of cell membrane-bound
proteinases and intracellular peptidases,
breaks down complex proteins into peptides
and free amino acids. These compounds not
only serve as vital nitrogen sources for the
growth of other fermenting bacteria but also
act as flavor precursors. The catabolic
process of proteolysis, along with lipase
activity, leads to the creation of a wide
range of volatile compounds such as esters,
ketones, and lactones, which significantly
enhance the sensory quality of the final
product [40,41]. Recent evidence suggest
that proteolytic LAB isolated from
traditional sources are increasingly valued
for producing functional peptides with
specific health-promoting properties [42].
This process also contributes to improved
protein digestibility and the release of
bioactive peptides. The proteolytic activity
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results for the Lev. brevis M3R3 strain are
presented in Fig. 3 As can be seen, the
studied strain demonstrated a remarkable
proteolytic ability in the skim milk culture
medium. This activity was confirmed by the
formation of a casein hydrolysis halo with
an average diameter of 21.49 £ 0.13 mm.
These findings wunderscore the high
potential of this strain for the breakdown of
milk proteins, making it a suitable
candidate for industrial applications in
dairy products. For comparison, our results
are consistent with the findings of other
studies but, at the same time, show stronger
activity compared to some other strains. For
example, Saci et al. (2025), in a study on the
proteolytic potential of ten lactic acid
bacteria strains isolated from Algerian
Makatia goat's milk, reported clear
proteolysis zones ranging from 14.33 to
32.67 mm [12]. Similarly, Fguiri et al.
(2017) also evaluated the proteolytic
activity of ten LAB strains isolated from
camel's milk and reported hydrolysis zones
in the range of 15 to 21 mm [43]. In line
with previous findings, Boubakri et al.
(2022) have also reported significant



Behrooz Alizadeh Behbahani et al

Investigation of the technological characteristics ...

proteolytic activity in lactic acid bacteria
[44]. The findings of Tavakoli et al. (2019)
suggest that high proteolysis can act as a
key factor in increasing the survival of
probiotic bacteria [45]. The proteolysis
driven by lactic acid bacteria significantly
improves the nutritional properties of
sourdough bread. This process enriches the
bread by increasing the level of free amino
acids, especially lysine, which is an
essential and limiting amino acid in cereals.
Although traditional sourdough
fermentation can lead to a dramatic increase
in these amino acids, it should be noted that
the bioavailability of lysine may be

partially compromised during baking due to
its susceptibility to the Maillard reaction
[9]. This emphasizes the importance of
and baking

optimizing fermentation

processes to preserve the maximum
nutritional value of the final product.
Proteolysis by lactic acid bacteria, with the
production of short-chain  peptides,
dramatically increases the nutritional value
of dairy products. These peptides have
characteristics such as low allergenicity and
high levels of essential amino acids. For
this reason, the resulting hydrolysate can be
used as a substitute for powdered milk in
standardized  formulations, in  the
of preventive foods for
with milk protein
allergies, and as a main ingredient in
beverages for regular consumption [10].
Overall, the proteolytic activity of LAB is

production

individuals COW's

considered a desirable and essential trait in
the production of fermented foods, from
dairy to grains.

Levilactebacille.s
brevid

Fig. 3. Proteolytic activity of Lev. brevis M3R3.

3.5. Autolytic activity

Autolysis of LAB is a key technological
aspect, with its importance rooted in the
rapid release of intracellular enzymes. This
phenomenon plays a pivotal role in post-
fermentation and  product ripening
processes [46]. The autolytic activities of
LAB strains are categorized into three
groups based on their lysis rate: weak (less
than 14%), moderate (15% to 24%), and
good (25% to 65%) [47]. In the present
study, the autolytic activity of the examined
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strain showed a remarkable sensitivity to
temperature. As depicted in Fig. 4, the
strain's autolytic rate was 51.11 £ 0.51% at
37 °C, placing it in the "good" category.
This value was significantly higher than the
rates observed at lower temperatures; 23.04
+0.12% at 4 °C and 17.32 £ 0.41% at -20
°C. Based on these data, both lower values
fall into the "moderate" -category,
highlighting the importance of temperature
control for optimizing autolysis in
industrial processes. These findings align
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with those of Hojjati et al. (2021), who
reported a strong autolytic activity of 53%
for the Lactobacillus brevis gpl104 strain
isolated from Iranian traditional cheese [7].
However, strain-specific differences were
also observed; Barzegar et al. (2021)
reported autolysis rates for their L. brevis
strains ranging from 22% to 25%, placing
them in the "moderate" category. This
functional diversity among strains is
supported by other studies [38]. For
instance, Koch et al. (2008) reported a
wider range of autolysis for various LAB
strains, from 30.2% to 43.6%, while Cheng
et al. (2022) observed a lower range of
3.61% to 8.96% for 10 different LAB
strains [11,48]. This data emphasizes that

60 -

- n
] =]
1 1

Autolytic activity %
W
=

the autolytic potential varies even among
similar strains, underscoring the need for
careful strain selection based on the
intended application. In fermented dairy
production, LAB autolysis is vital for
determining the final product's quality. The
rapid release of intracellular enzymes,
particularly peptidases, accelerates the
ripening process. These enzymes break
down bitter peptides into amino acids,
reducing the unpleasant taste in low-salt
cheeses. Thus, autolysis is crucial for flavor
and texture development and is considered
a key factor in enhancing the sensory
properties and overall quality of dairy
products [39].

b
20 -
10 A
0_
37 4

Temperature °C

Fig. 4. Autolytic Activity of Lev. brevis M3R3 at Different Temperatures (37 °C, 4 °C, and -
20 °C). Difterent letters above the bars indicate a statistically significant difference (p < 0.05).

3.6. Technological Comparison of Lev.
brevis M3R3 and Commercial Starters

The comparative profiling (Table 2) reveals
that Lev. brevis M3R3 possesses a distinct
technological advantage over many
commercial starters, particularly in terms of
thermal resilience, autolytic potential, and
EPS synthesis. While commercial cultures
are often optimized for rapid acidification
(Strong acidifiers) to ensure microbial
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safety through fast pH reduction, M3R3
exhibits a Moderate acidifying ability
(ApH24h=1.34). This characteristic makes
it an ideal adjunctive culture, as it
contributes to the sensory profile and
texture without causing post-acidification a
common defect in fermented dairy that
leads to excessive sourness and whey
separation during storage.
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Most notably, M3R3 demonstrates an
exceptional ability withstand
temperatures up to 80 °C. This high thermal

to

resilience is a rare and valuable trait for
non-starter lactic acid bacteria (NSLAB),
suggesting that the strain can survive sub-
treatments  or  high-
temperature curd cooking in industrial
cheese making. Furthermore, its 51%
autolysis rate is significantly higher than
the 25-50% range typical of standard

pasteurization

industrial starters. High autolysis is critical
because it triggers the early release of
intracellular peptidases into the cheese
matrix, which accelerates the breakdown of
bitter-tasting peptides into savory free
amino acids.

The synergy between this robust autolytic
activity and 1its strong EPS production
provides a dual benefit: while autolysis
enhances flavor development (proteolysis-
driven aromatic profiles), the EPS acts as a
natural bio-thickener, stabilizing the protein
network and increasing water-holding
capacity. Consequently, the integration of
Lev. brevis M3R3 into dairy formulations
can dramatically accelerate the ripening
process while simultaneously improving
the "mouthfeel" and structural integrity of
traditional and  industrial  cheeses,
positioning it as a superior candidate for
clean-label food applications.

Table 2. Comparative technological profiling of Levilactobacillus brevis M3R3 against commercial

starters and recent industrial isolates

Technological Lev. brevis Commercial Reference/Wild Industrial Reference
Indicator M3R3 Starters Strains Significance
High survival during

Thermal Resistance 80 °C 60-75°C 70-85°C thermal [49]
processing/sub-
pasteurization
Enhanced flavor

Proteolytic Activity 21.49 1222 14.33-32.67 d.evelo.pment a.nd [50]
(mm) bioactive peptide
release
Faster ripening and

Autolysis Degree 51% 25-50 17.8-55.8 ' redugion of [51]
(%) bitterness in aged
cheese
Controlled

Acidification |34 > 1.60 1102175 fermentatlo.n; 1d.ea1 [52]
(ApHza) for adjunctive
cultures
Strongly Improved viscosity

EPS Production mucoid Moderate Moderate and texture; natural [53]
(Sucrose) bio-thickening

4- Conclusion

The results of this study confirm the
multifaceted potential of the native strain
Lev. brevis strain M3R3 for industrial and

61

probiotic applications. Unlike previously
characterized Lev. brevis strains from
traditional Iranian sources, M3R3 exhibits
a unique "technological fingerprint"
marked by an exceptional resistance to
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thermal stress (maintaining viability up to
80 °C) and a superior autolysis degree of
51%. A comprehensive evaluation of its
key characteristics, including high
enzymatic activity (proteolysis) and the
ability to produce EPS, demonstrated its
desirable technological properties. These
traits directly contribute to improving the
rheological, sensory, and
qualities of fermented products and ensure
the strain's survival during processing and
in the gastrointestinal tract. The strong
autolytic and proteolytic activities of this
strain are particularly significant for
accelerating cheese ripening and enhancing

nutritional

its flavor and texture, surpassing the
performance of many common starter and
LAB reported in
literature. Specifically, this strain shows
high potential for use as an adjunct culture
in the production of traditional Iranian
ripened cheeses or as a bio-thickener in
industrial yogurt formulations.
Furthermore, due to its remarkable thermal

non-starter recent

stability and EPS production, it could be
successfully integrated into functional
bakery products (e.g., sourdough) to
improve texture and shelf-life. Ultimately,
our findings emphasize the importance of
meticulously evaluating native strains,
indicating that Lev. brevis M3R3 is a
promising candidate for use as an effective
starter culture and probiotic in new, high-
value-added food formulations.

Data Availability

All data relevant to the study are included
in the article.

Conflict of Interest

The authors declare that they have no
known competing financial interests or
personal relationships that could have
appeared to influence the work reported in
this paper.

62

Funding Statement

Not applicable.

Authors Contributions

Behrooz Alizadeh Behbahani: Review &

editing, Supervision, Resources,
Methodology, Investigation,
Conceptualization. Parisa
Ghasemi: Writing —  original draft,

Visualization, Methodology, Investigation,
Formal  analysis, = Conceptualization.
Alireza Vasiee: Writing —review & editing,
Supervision, Methodology, Investigation.

Zeinab Mousavi: Visualization,
Methodology,  Investigation, = Formal
analysis.

Consent for publication

All authors approved the manuscript for
publication.

Ethical approval

This article does not contain any studies
with human or animal subjects.

Clinical trial number

not applicable.

Consent to Participate declaration

not applicable.

Declaration of generative Al and Al-
assisted technologies in the writing
process

During the preparation of this work the
authors used “Microsoft Copilot” in order
to paraphrase and grammatically check the
sentences. After using this tool/service, the
authors reviewed and edited the content as
needed and take full responsibility for the
content of the published article.
Acknowledgments

The authors wish to express their profound
gratitude sincerely to the Research Deputy
of Agricultural Sciences and Natural
Resources University of Khuzestan for
financially  supported  this  project
(1403.27).



Behrooz Alizadeh Behbahani et al

Investigation of the technological characteristics ...

5-References

[1] Alizadeh Behbahani, B., Barzegar, H., Mehrnia, M.
A., & Ghodsi, M. (2023). Probiotic characterization
of Limosilactobacillus fermentum isolated from local
yogurt: Interaction with pathogenic bacteria and
Caco-2 enteric cell line. Nutrition and food in health
and disease, 10(1), 37-45.

[2] Abedin, M. M., Chourasia, R., Phukon, L. C., Sarkar,
P., Ray, R. C., Singh, S. P., & Rai, A. K. (2024).
Lactic acid bacteria in the functional food industry:
Biotechnological properties and potential
applications. Critical Reviews in Food Science and
Nutrition, 64(29), 10730-10748.

[3] Ayyash, M., Abu-Jdayil, B., Itsaranuwat, P., Al-
Nabulsi, A., Esposito, G., & Olaimat, A. N. (2024).
Probiotic and technological robustness of lactic acid
bacteria isolated from traditional fermented dairy: A
focus on industrial viability. Trends in Food Science
& Technology, 144, 104321.

[4] Kamali, M., Jafarizadeh-Malmiri, H., Sayyed-Alangi,
S. Z., & Anarjan, N. (2023). Microbial diversity and
technological characterization of lactic acid bacteria
isolated from traditional Iranian cheeses: A reservoir
for functional starters. Journal of Dairy Research,
90(2), 215-228.

[5] Garcia-Cano, 1., Rocha-Mendoza, D., Ortega-Anaya,
J., Wang, K., Kosmerl, E., & Jiménez-Flores, R.
(2024). Comparative analysis of wild-type and
commercial lactic acid bacteria: Resilience and
functional diversity in traditional dairy matrices.
International Journal of Food Microbiology, 389,
110098.

[6] Noshad, M., Alizadeh Behbahani, B., & Hojjati, M.
(2021). Investigation of probiotic and technological
characteristics of lactic acid bacteria isolated from
native Doogh of Behbahan. Food Research Journal,
31(4), 169-186.

[7] Hojjati, M., Alizadeh, B. B., & Falah, F. (2021).
Investigation of technological and antimicrobial
characteristics of Lactobacillus brevis gpl104 from
Khikki cheese.

[8] Alizadeh Behbahani, B., Hojjati, M., & Goodarzi
Shamsabadi, B. (2024). Evaluation of probiotic and
antimicrobial properties of Levilactobacillus brevis
NKNS5S5 isolated from local yogurt. Food Research
Journal, 34(2), 101-120.

[9] Mazzeo, M. F., Reale, A., Di Renzo, T., & Siciliano,
R. A. (2022). Surface layer protein pattern of
Levilactobacillus brevis strains investigated by
proteomics. Nutrients, 14(18), 3679.

[10] Altamura, S., Augello, F. R., Lombardi, F., Palumbo,
P., Cinque, B., Pietropaoli, D., & De Simone, C.
(2025). In Vitro, Ex Vivo, and In Vivo Evidence of
Nitrate-Reducing Activity in Levilactobacillus brevis
CD2: A Potential Tool for Oral and Systemic Health
Applications. Foods, 14(9), 1512.

63

[11] Prudéncio, C. V., de Castro, R. J. S., dos Santos, P.
M., & Ferreira, S. O. (2025). Enzymatic potential of
lactic acid bacteria in ripened cheeses: From
proteolysis-driven flavor development to functional
peptide release. Comprehensive Reviews in Food
Science and Food Safety, 24(1), ¢13420.

[12] Fuso, A., Bancalari, E., Castellone, V., Caligiani,
A., Gatti, M., & Bottari, B. (2023). Feeding lactic
acid bacteria with different sugars: Effect on
exopolysaccharides (EPS) production and their
molecular characteristics. Foods, 12(1), 215.

[13] Saci, A., Gharbi, S., Djadouni, F., & Karkachi, N.
(2025). Evaluation of selected functional traits in
lactic acid bacteria isolated from Algerian Makatia
goat milk for food applications. Acta Biologica
Slovenica, 68(4).

[14] Darwish, A. M., Allam, M. G., Shokery, E. S., &
Ayad, E. H. (2022). Functional products fortified
with probiotic LAB isolated from Egyptian dairy
sources showed hypolipidemic effects in Albino rats.
Plos one, 17(3), €0263241.

[15] Reffai, Y. M., & Fechtali, T. (2025). A Critical
Review on the Role of Lactic Acid Bacteria in
Sourdough  Nutritional —Quality: Mechanisms,
Potential, and Challenges. Applied Microbiology,
5(3), 74.

[16] Saubenova, M., Oleinikova, Y., Rapoport, A.,
Maksimovich, S., Yermekbay, Z., & Khamedova, E.
(2024). Bioactive peptides derived from whey
proteins for health and functional beverages.
Fermentation, 10(7), 359.

[17] Cheng, T., Wang, L., Guo, Z., & Li, B. (2022).
Technological characterization and antibacterial
activity of Lactococcus lactis subsp. cremoris strains
for potential use as starter culture for cheddar cheese
manufacture. Food science and technology, 42,
e13022.

[18] Sionek, B., Szydlowska, A., Trzaskowska, M., &
Kotozyn-Krajewska, D. (2024). The impact of
physicochemical conditions on lactic acid bacteria
survival in food products. Fermentation, 10(6), 298.

[19] Mazaheri, M., et al. (2023). Evaluating the microbial
safety and acidification kinetics of traditional Iranian
Khiki cheese. Food Control, 145, 109482.

[20] Ebadi Nezhad, S. J. E., Dovom, M. R. E., Najafi, M.
B. H., Yavarmanesh, M., & Mayo, B. (2020).
Technological characteristics of Lactobacillus spp.
isolated from Iranian raw milk Motal cheese. LWT,
133, 110070.

[21] Zaaraoui, L., Bouksaim, A., Elhamdani, M., Benali,
A., Oukassou, M., Ounine, K., & Bouksaim, M.
(2021). Typical Moroccan goat lactic acid bacteria
and their assay as starters.

[22] Boubakri, K., Idoui, T., Montanari, C., Barbieri, F.,
Gardini, F., & Vignolo, G. (2022). Identification,
safety and technological characteristics of Weissella

from traditional

strains Southwestern ~Algerian



Iranian journal of food science and industry

Number 176, Volume 23, October2026

kaddid. Nova Biotechnologica Et Chimica, 21(2), 1-
14.

[23]Jeon, S., Kim, H., Choi, Y., Cho, S., Seo, M., & Kim,
H. (2021). Complete genome sequence of the newly
developed Lactobacillus acidophilus strain with
improved thermal adaptability. Frontiers in
Microbiology, 12, 697351.

[24] Singh, P., Saini, P., & Singh, A. (2023).
Optimization of Exopolysaccharide Production from
Lactobacillus acidophilus MTCC 10307 by Response
Surface Methodology. Journal of Food and
Agriculture Research, 3(1), 1-14.

[25] Zommara, M., El-Ghaish, S., Haertle, T., Chobert, J.
M., & Ghanimah, M. (2023). Probiotic and
technological ~ characterization ~ of  selected
Lactobacillus strains isolated from different egyptian
cheeses. BMC microbiology, 23(1), 160.

[26] Cheng, X., Huang, L., & Li, K. T. (2019).
Antioxidant activity changes of exopolysaccharides
with different carbon sources from Lactobacillus
plantarum LPC-1 and its metabolomic analysis.
World Journal of Microbiology and Biotechnology,
35(5), 68.

[27] Zhang, J., Li, X., Wang, Y., & Zhao, B. (2023).
Molecular ~ mechanisms  of  sucrose-induced
exopolysaccharide biosynthesis in lactic acid
bacteria. Microbiological Research, 268, 127290.

[28] Midik, F., Tokatli, M., Bagder Elmaci, S., & Ozgelik,
F. (2020). Influence of different culture conditions on
exopolysaccharide production by indigenous lactic
acid bacteria isolated from pickles. Archives of
microbiology, 202(4), 875-885.

[29] Xu, Z., Li, S., Gong, G., Liu, Z., Wu, Z., & Ma, C.
(2015). Influence of different acidifying strains of
Lactobacillus delbrueckii subsp. bulgaricus on the
quality of yoghurt. Food science and technology
research, 21(2), 263-269.

[30] Prasanna, P. H. P., Grandison, A. S., &
Charalampopoulos, D. (2013). Microbiological,
chemical and rheological properties of low fat set
yoghurt produced with exopolysaccharide (EPS)
producing Bifidobacterium strains. Food Research
International, 51(1), 15-22.

[31] Perez-Alba, A., Sanchez, M., & Rodriguez, J. L.
(2025). Technological evolution of EPS-producing
LAB: From laboratory isolates to industrial clean-
label applications. Trends in Food Science &
Technology, 155, 104250.

[32] Hickey, C. D., Sheehan, J. J., Wilkinson, M. G., &
Auty, M. A. (2015). Growth and location of bacterial
colonies within dairy foods using microscopy
techniques: a review. Frontiers in microbiology, 6,
99.

[33] Warner, R. D. (2023). The eating quality of meat:
[V—Water holding capacity and juiciness. In
Lawrie's meat science (pp. 457-508). Woodhead
Publishing.

64

[34] Wang, Y., Wu, J., Lv, M., Shao, Z., Hungwe, M.,
Wang, J., Bai, X., Xie, J., Wang, Y., Geng, W., 2021.
Metabolism Characteristics of Lactic Acid Bacteria
and the Expanding Applications in Food Industry.
Frontiers in Bioengineering and Biotechnology, 9,
612285.

[35] Mohammed, S., & Con, A. H. (2021). Isolation and
characterization of potential probiotic lactic acid
bacteria from traditional cheese. Lwt, 152, 112319.

[36] M hamed, A. C., Ncib, K., Merghni, A., Migaou, M.,
Lazreg, H., Snoussi, M., ... & Maaroufi, R. M. (2022).
Characterization of probiotic properties of”. Life,
13(1), 21.

[37] Nachi, 1., Fhoula, I., Smida, 1., Ouzari, H. 1., &
Hassouna, M. (2019). Microbiological analysis and
assessment of biotechnological potential of lactic
acid bacteria isolated from Tunisian flours. Annals of
Microbiology, 69(1), 29-40.

[38] Chen, W., Xie, C., He, Q., Sun, J., & Bai, W. (2023).
Improvement in color expression and antioxidant
activity of strawberry juice fermented with lactic acid
bacteria: A phenolic-based research. Food
Chemistry: X, 17, 100535.

[39] Cao, C. C., Feng, M. Q., Sun, J., Xu, X. L., & Zhou,
G. H. (2019). Screening of lactic acid bacteria with
high protease activity from fermented sausages and
antioxidant activity assessment of its fermented
sausages. CyTA-Journal of Food, 17(1), 347-354.

[40] Valdiviezo-Marcelo, J., Arana-Torres, N. M., Vega-
Portalatino, E. J., Ruiz-Flores, L. A., Tamariz-
Angeles, C., Olivera-Gonzales, P., ... & Espinoza-
Espinoza, L. A. (2023). Technological potential of
native lactic acid bacteria isolated from Swiss-type
artisanal cheese (Ancash, Peru) for their application
in food. Frontiers in Sustainable Food Systems, 7,
1212229.

[41] Ludfiani, D. D., Asmara, W., & Arianti, F. D. (2024).
Enzyme characterization of lactic acid bacteria
isolated from duck excreta. Veterinary World, 17(1),
143.

[42] Mousavi, S., Karimi, A., & Razavi, S. H. (2024).
Bioactive peptide profiling of fermented dairy
products:
proteolytic system. Food Research International,
176, 113820.

[43] Fguiri, 1., Ziadi, M., Atigui, M., Ayeb, N., Arroum,
S., Assadi, M., & Khorchani, T. (2016). Isolation and
characterisation of lactic acid bacteria strains from

The role of Levilactobacillus brevis

raw camel milk for potential use in the production of
fermented Tunisian dairy products. International
Journal of Dairy Technology, 69(1), 103-113.

[44] Boubakri, K., Idoui, T., Montanari, C., Barbieri, F.,
Gardini, F., & Vignolo, G. (2022). Identification,
safety and technological characteristics of Weissella
strains from traditional Southwestern Algerian
kaddid. Nova Biotechnologica Et Chimica, 21(2), 1-
14.



Behrooz Alizadeh Behbahani et al

Investigation of the technological characteristics ...

[45] Tavakoli, M., Najafi, M. B. H., & Mohebbi, M.
(2019). Effect of the milk fat content and starter
culture selection on proteolysis and antioxidant
activity of probiotic yogurt. Heliyon, 5(2).

[46] Laslo, E. & Gyorgy, E. (2024). Technological
aspects of lactic acid bacteria originated from
artisanal cheeses. Acta Universitatis Sapientiae,
Alimentaria, 17(61-82).

[47] Barzegar, H., Alizadeh Behbahani, B., & Falah, F.
(2021). Safety, probiotic properties, antimicrobial
activity, and technological performance of
Lactobacillus strains isolated from Iranian raw milk
cheeses. Food Science & Nutrition, 9(8), 4094-4107.

[48] Koch, S., Eugster-Meier, E., Oberson, G., Meile, L.,
& Lacroix, C. (2008). Effects of strains and growth
conditions on autolytic activity and survival to
freezing and lyophilization of Lactobacillus
delbrueckii ssp. lactis isolated from cheese.
International Dairy Journal, 18(2), 187-196.

[49] Plessas, S., Nouska, C., Mantzourani, 1., Kourkoutas,
Y., & Alexopoulos, A. (2020). Microbiological,
technoeconomic and sensory assessment of
sourdough bread making wusing indigenous
Lactobacillus strains. Foods, 9(8), 1062.

[50] Saci, K., Meziant, L., & Bachir-Bey, M. (2023).
Technological and probiotic potential of lactic acid
bacteria isolated from traditional Algerian Makatia
goat's milk. LWT - Food Science and Technology,
173, 114256.

[51] Dimitrellou, D., Kandylis, P., & Kourkoutas, Y.
(2019). Assessment of proteolytic and autolytic
activities of indigenous Lactobacillus strains isolated
from traditional Greek cheese. Dairy, 1(1), 3-15.

[52] Nami, Y., Panahi, B., & Jalaly, H. M. (2024).
Molecular and technological characterization of
Lactobacillus species isolated from traditional dairy
products: A focus on acidification and proteolytic
kinetics. Journal of Food Composition and Analysis,
125, 105813.

[53]1Zhu, Y., Li, C., Luan, H., Zhang, G., Mu, G., & Tuo,
Y. (2024). Screening and characterization of high
EPS-producing Lactobacillus strains from traditional
fermented dairy for texture enhancement. Food
Hydrocolloids, 149, 109520.

65



\ee0 e AT AL A W] P .;,\\ji\ é_)\.,\_:« leo \p)l;« s
[« !

| !
www.fsct.modares.ac.ir :a>s culw N’
&i.h}};_dmlﬁ Jlae

Sl S s ey 3| oA |u Levilactobacillus brevis M3R3 a gu 6590555 g S5y o0
e s )8
’Lg}""'j" ) cv@.:-w) Lﬂ_}:l.ﬁ L‘WB L...;_ﬁ LHEL;;LH.) e:‘}:.\.ﬁ JJJ@
cd.vUW ‘QL';.J)? L;x:.lg CL.A} 6))_5[.:.5 f"b oK..iﬂJ ‘Ls'i")& @LMA) A.f‘b 6)1.9 omlé 4&\.)& @L«& L;»J...@,A} fj‘k; a); B

Ol g s s 5 pole hassy avs o (S slss LS U S 5 el SRasn 0s S <Y

oS> dlas S|

.

Levilactobacillus sy 4 gu SS54 30 5 S955555 6“;}15 (s el s Pl gla AL

S candllas (;i‘ Sl ol LA u‘flﬂ)’ﬁ S g olds (U «v_ﬁ__,'» P B S brevis M3R3 VEE/1A/Y0 13l s b
T VEVE/24/Y0 tg 5l b

Sl oS lgdial S s 6K 5 LT 5okl oS Ol gie 4 4 e ! Joily e
VEEANVAY il b

S5 @ g ol 4S5l QLS Sl Caslas b)) El oy e slas )8
oS Blaam s A g 5V e glales 53 il g 5 Sl gz 5 BB gL s s
FY g e 0T Gl S sk 4 S b Jod LB Sl Sl

U5 @ ol e 5T IS )y 53 39 Lo ys YV/AY 5 FY/YY PP/ (Gl Caslas

sbul e doe YV/FA £ /0 L3 L 5 s dla 5 sls 0lis 3455 5 6 St

[Levilactobacillus brevis

G gl
NG R (:lfdﬁl.w 55 YV 55 Ao s OVVY) VL ¢S 51 Sl e 65 S
ny S (EPS) Q)Kb&jf‘ e J{Gﬁbuﬁ ..,L“J}S 4{):5 o g O‘i‘ ‘O‘i‘)‘f o gM)e }:J}Sﬁﬂ:
O i 53 OT oS (gbewl SJlad 2,5 bl 1y b S Gl bl i S g all 10.48311/f5¢t.2026.118345.82991
S J}i.w:*

Ol ol pl b uidid bow gie oS (gbeul Ol 4 (VYF hYFAPH) o
Y geams 53 eslazal ¢l ol Hlew I LS L. brevis M3R3 4 g 45" das »  B.alizadeh@asnrukh.ac.ir
G5 Pl 03 Caslin s @l Se Ssmsp &K Olse 4 5 e

EPS W5 5 oo 3T g bls ¢ )l ~

66


http://www.fsct.modares.ac.ir/

